In the last few years, newly recognized paramyxoviruses have been associated with severe disease in several animal species, including swine, as well as in human beings. Recently, a paramyxovirus was isolated from a swine herd in the northcentral United States that experienced an epizootic of respiratory and central nervous system disease. Affected pigs had interstitial pneumonia with necrotizing bronchiolitis and encephalitis characterized by lymphocytic perivasculitis and diffuse gliosis. Germ-free pigs inoculated with this isolate developed mild clinical illness and similar but less severe histopathologic lesions in lungs and brain.
During the last decade, as the size and complexity of swine production operations has increased dramatically, respiratory disease has emerged as a major health problem in many operations. New viral pathogens have appeared as contributors to these problems, the most notable being porcine reproductive and respiratory syndrome virus (PRRSV). 5 More recently, porcine respiratory coronavirus (PRCV), porcine circovirus (PCV) type 2, antigenically variant H1N1 strains of swine influenza virus (SIV), as well as H1N2 SIV in England 2, 6, 7, 11 and H3N2 SIV in the United States (Janke BH, et al.: 1999 , Proc IX Intl Symp World Vet Lab Diagn, p. 51) have been identified. Historically, only a few viruses had been associated with respiratory disease in swine, and, in field situations, only swine influenza virus (SIV) and pseudorabies virus (PRV) were detected with any frequency. 3 Cytomegalovirus, adenovirus, and enterovirus also have been reported to cause pneumonia in swine but are rarely encountered. 13, 16, 18 Recently, a paramyxovirus was isolated from finishing pigs in a large swine operation experiencing an epizootic of respiratory and central nervous system (CNS) disease that affected pigs of all ages. In this report, the clinical appearance of the outbreak, results of diagnostic laboratory examination of affected pigs, and initial experimental studies with this virus are described.
A large farrow-to-finish swine production unit experienced an outbreak of respiratory disease that began in a continuous-flow finishing barn of 400 pigs. The first few pigs affected had a mild cough and temperatures of 103-104.5 F. Seventeen pigs died within 4 days despite antimicrobial therapy. Ten days later, the epizootic spread to a second finishing barn 800 feet from the first building, affecting the entire group of 400 pigs within a few days. Many of the pigs became severely dyspneic, but coughing was minimal and only a few pigs exhibited a harsh barking cough. Several pigs developed CNS signs characterized by recurring episodes of From the Veterinary Diagnostic Laboratory (Janke) apparent distress with persistent squealing, head pressing, whole-body tremors, and hind-limb ataxia.
Respiratory disease subsequently appeared in the grower pigs that were located on a second farm 1/4 mile north of the finishing barns. Infection also spread to nursery pigs on this farm, which as a group had more dyspnea and less coughing than the older pigs. Most of the nursery pigs were anorectic for several days, but no deaths occurred. Nursing pigs in an adjacent farrowing barn also became quite sick. Individual pigs were treated intramuscularly with antimicrobials for 3 successive days, and all pigs were weaned onto medicated feed and water. None of the pigs died. In the gestation barn (130 crated sows and gilts), a few animals were anorectic for a short time, and 2 or 3 aborted. Two litters were born prematurely, but the pigs survived.
At necropsy on the farm, pigs from the first finishing barn had diffusely congested, wet, heavy lungs with consolidation of the ventral tips of the lung lobes. Two live 150-lb pigs from the second finishing barn were submitted to the Veterinary Diagnostic Laboratory at lowa State University. Both pigs were in good condition but exhibited CNS signs as previously described. Clinical signs of respiratory disease were not evident. At necropsy, lungs in both pigs had bilateral, pale gray consolidation of the ventral half of cranial and middle lobes. The rest of the lung tissue was only slightly firmer than normal. No gross lesions were observed in brain or other internal organs. Samples of lung, brain, heart, liver, kidney, spleen, and intestine were collected and processed for routine histopathologic, virologic, and bacteriologic examinations.
Microscopically, lungs had moderate to severe bronchointerstitial pneumonia characterized by thickening of alveolar septa containing macrophages and swollen pneumocytes and endothelial cells ( Fig. 1 ). Alveolar capillaries were congested. Alveolar lumens were partially collapsed and contained proteinaceous fluid, fibrin, and variable numbers of macrophages, lymphocytes, sloughed pneumocytes, and neutrophils. Epithelium lining some bronchioles was attenuated and focally disrupted; other bronchioles had intact hyperplastic epithelium. Bronchiolar lumens were filled with neutrophils. Peribronchiolar and perivascular lymphocytic cuffing was prominent. Brain from both pigs had mild but widespread lymphocytic perivasculitis and mild diffuse gliosis ( Fig. 2 ). Direct immunofluorescent staining of frozen sections of brain, tonsil, lung, and spleen with antiserum to pseudorabies virus and swine influenza virus was conducted by standard methods. Pooled tissue homogenates prepared in F15 medium containing gentamicin and amphotercin B were inoculated onto Madin-Darby bovine kidney (MDBK), swine testes (ST), fetal porcine kidney (FPK), and CL-2621 cells and into embryonated chicken eggs for virus isolation. No evidence of PRV or SIV infection was detected by the direct fluorescent antibody tests. No SIV, PRV, PRCV, or PRRSV was isolated from these tissues. Cytopathic effect was observed in the FPK cells during the second passage. Negativestain electron microscopic examination of the cell culture fluid revealed paramyxo-like virus particles. In an indirect immunofluorescent assay, the virus-infected cells reacted with antiserum to bovine parainfluenza 3 virus as well as parainfluenza 1 and 4B viruses. The virus did not react with antiserum against parainfluenza 2, 4A, or 5 viruses or the La Piedad Michoacan (blue-eye) paramyxovirus. The isolation was confirmed by repeating the isolation from the original tissue samples. No significant bacteria were isolated from lung, liver, spleen, brain, or intestine of either pig by routine methods.
Two 6-week-old pigs from a herd free of Mycoplasma hyopneumoniae, PRV, and TGE/PRCV were inoculated intranasally with 10 ml each of lung homogenate (20% w/v) from the field-case pigs. Two pigs of the same age served as uninoculated controls. Pigs were euthanized at 6 and 10 days postinoculation (PI). No clinical illness was observed in the two 6-week-old pigs inoculated with lung homogenate. No gross or microscopic lesions were observed in lungs, brains, or other internal organs from inoculated pigs or control pigs. Serum was collected from each pig before inoculation and at necropsy. Serum was tested for antibody against the paramyxovirus by indirect fluorescent antibody test. Monolayers of FPK cells infected with the paramyxovirus were incubated with the serum samples from inoculated pigs followed by a second incubation with fluoresceinconjugated antiswine goat antiserum. No antibody was detected in the preinoculation sera, but both pigs had seroconverted by the time of necropsy.
Four 3-day-old germ-free pigs were inoculated intranasally with 4 ml each of cell-culture-propagated paramyxovirus at a titer of 1 ϫ 10 5 TCID 50 /ml. Pigs were derived by caesarian section directly into sterile plastic bubbles and transported to similarly sterile germ-free chambers for the duration of the experiment. Virus inoculum was prepared in FPK cells in 75-cm 2 tissue culture flasks under Delbecco Modified Eagle Medium with 2% bovine fetal serum. Cells were incubated for 48 hours at 37 C before virus harvest by freezing and centrifugation. Two control pigs were inoculated intranasally with cell culture medium. Rectal temperatures were taken and observations made daily. Infected pigs were euthanized at 4, 8, 12, and 29 days PI; control pigs were euthanized at 4 and 12 days PI. Necropsy was performed and tissues sampled for histopathologic examination and virus isolation. The pig that was not euthanized until 29 days was reinoculated with paramyxovirus at 17 days PI, and serum was collected at necropsy 12 days later.
The four pigs inoculated with the paramyxovirus became rough-haired, and developed mild diarrhea on days 2-3 PI. Rectal temperatures were slightly elevated (103.6-104.01 F) over preinoculation temperatures (102.2-103.0 F) in 2 of 4 pigs at 2 and 3 days PI before dropping back to preinoculation values, but temperatures were not elevated above those of control pigs given only cell culture media. Pigs inoculated with virus were not as vigorous as control pigs, but they retained their appetites throughout the trial. In- creased respiratory effort was noted in one pig when stressed by handling on day 2 PI. Eyelid edema resulted in near closure of the eyes in 1 pig at 6 days PI.
At necropsy, lungs in the 3 pigs inoculated with virus and euthanized at 4, 8, and 12 days PI had irregular foci of greytan lobular consolidation in the cranioventral portions of cranial and middle lobes and throughout the accessory lobes. Ten to 15% of the lung was involved. The rest of the lung parenchyma was light pink and spongy, similar to the entire lung of control pigs. Lungs of the pig euthanized at 29 days PI were normal. Microscopically, in the lungs of the pigs euthanized at 4 and 8 days PI, alveolar septa were irregularly thickened by swelling and proliferation of pneumocytes and by light infiltration of macrophages and lymphocytes (Fig.  3) . In some lobules, alveolar and bronchiolar lumens contained small aggregates of sloughed pneumocytes, macrophages, and lymphocytes. Severity of inflammation varied from lobule to lobule but was moderately severe in some lobules, and most lobules were affected. The epithelium lining large and small bronchioles was intact. Epithelium lining terminal bronchioles was mildly proliferative and occasionally disrupted by sloughing of the disorganized cells. In the lung of the pig euthanized at 12 days PI, inflammation had nearly resolved and was limited to scattered small foci of mild interstitial pneumonia with a few lymphocytes and macrophages in alveoli in these areas. Lobules that appeared darker on gross examination were primarily atalectatic. No microscopic lesions were observed in lung from the pig euthanized at 29 days PI. Focal gliosis was observed in the midbrain of the pig euthanized at 8 days PI (Fig. 4) . No lesions were observed in brain from the other 3 pigs inoculated with the virus. No lesions were observed in lungs or brain from control pigs. Paramyxovirus was reisolated from the lungs of the experimentally inoculated germ-free pig euthanized at 4 days PI. Isolation was not attempted on tissues from the other experimental pigs. No evidence of PRRSV, PCV, or SIV infection was detected in lung from these pigs by immunohistochemical techniques. 10, 21 Serum from the pig euthanized at 29 days PI had developed antibody to the paramyxovirus. Titer measured by virus neutralization test was 1:256. 1 Paramyxovirus may be another viral pathogen contributing to respiratory and neurological disease in swine in the United States. Pigs in the herd from which the virus was recovered had undergone a rapidly spreading epizootic disease consistent with spread of an airborne virus, and inflammation observed microscopically in brain and lung of affected pigs was characteristic of that induced by viral pathogens.
In preliminary studies with this isolate, clinical disease and gross and microscopic lesions in experimentally inoculated pigs were not as severe as those observed in the fieldcase pigs. The isolate did establish a mild infection that resulted in mild clinical illness and mild inflammation in lung and brain. Virus used as inoculum may have been attenuated by passage in cell culture or may have been of insufficient titer to reproduce infection as it occurred in the field. The route of inoculation also may not have allowed the virus full expression of pathogenicity. Swine influenza virus, an estab-lished swine pathogen, will usually induce only minimal disease or lesions when administered experimentally via the intranasal route. Confounding factors not present in the experimental setting, such as stresses induced by environmental conditions and pig density, may have increased the severity of disease in the field situation.
Alternatively, this isolate may be a paramyxovirus of low pathogenicity that induces only minimal disease in the absence of concurrent infection with other agents. Additional viruses or bacteria not detected by laboratory tests may have contributed to the severity of disease in the field-case pigs. In particular, the necrotizing bronchiolitis observed in the field-case pigs but not seen in the lungs of experimental pigs may suggest another viral agent such as swine influenza virus was present in the field-case pigs. However, PI3 virus, to which this paramyxovirus appears to be closely related, has been associated with necrotizing bronchiolitis in cattle. The neurologic disease observed in the field-case pigs was unusual, and the clinical signs were not typical of what is usually observed with other known porcine viral pathogens of the central nervous system. This aspect appears likely to be the result of the paramyxovirus infection.
Paramyxoviruses are established pathogens of the central nervous system and respiratory tract in other host species. 9 The family Paramyxoviridae contains two subfamilies: the Paramyxovirinae and the Pneumovirinae. The subfamily Paramyxovirinae contains 3 genera: Rubulavirus, Respirovirus, and Morbillivirus; the subfamily Pneumovirinae contains 2 genera: Pneumovirus and Metapneumovirus.
Rubulaviruses of veterinary importance include Newcastle disease virus and canine parainfluenza virus. Respiroviruses include bovine parainfluenza virus 3 and Sendai virus. Morbilliviruses include canine distemper virus and rinderpest virus. Pneumoviruses include bovine respiratory syncytial virus.
Only one member of the Paramyxovirus family has been well characterized as a prominent pathogen in swine: the rubulavirus La Piedad Michoacan paramyxovirus initially re-covered from pigs in central Mexico in 1980. 20 This virus infects the respiratory tract and central nervous system, inducing interstitial pneumonia and encephalitis. Conjunctivitis and corneal opacity result in the name blue-eye. Clinical disease is most severe in pigs less than 2 weeks old. Reproductive problems affecting sows and boars also occur. This disease has not been reported elsewhere.
Other isolated instances of paramyxovirus infection in swine have been recorded. Extensive studies were conducted on a paramyxovirus isolated from pigs with respiratory and CNS disease in Japan in 1954. 19 Paramyxovirus was isolated from the brain of a pig with CNS disease in Canada in 1971 8 and from nasal swabs from healthy slaughter pigs in Israel in 1986. 14 During the last few years, infection with newly recognized paramyxoviruses has resulted in severe disease in several animal species, including swine, as well as in human beings. Hendra virus, apparently originating from fruit bats, caused illness and death in horses and humans in Australia. 15 A closely related virus, Nipah virus, caused severe febrile encephalitis and death in humans in Malaysia. The virus apparently was transmitted to humans from pigs, in which the infection was primarily respiratory in clinical appearance. However, lesions of both necrotizing bronchiolitis and nonsuppurative encephalitis were observed in these pigs. 4 Molecular characterization of Hendra and Nipah viruses suggests these viruses belong to a separate genus within the subfamily Paramyxovirinae. 12 Another paramyxovirus has recently been isolated from stillborn pigs with deformities in Australia, and evidence for infection and illness of humans associated with these pigs has been reported. 17 The relationship of this virus, named Menangle virus, to other paramyxoviruses has not yet been established.
Such occurrences emphasize the need for further study of previously unknown paramyxoviruses when they are discovered, not only because of their potential significance for the species from which they are recovered but also because of the possible threat of zoonotic infection. The pilot studies with this paramyxovirus suggest it may be only mildly pathogenic for pigs. Several other paramyxoviruses have been recovered from swine in the United States in the past, but no studies can be found in the literature to suggest that these occasional isolates are significant pathogens for swine. Although paramyxovirus infection appears to be responsible for the epizootic in this herd, the significance of paramyxovirus infection in respiratory and CNS disease in swine in the field remains to be determined. Whether this paramyxovirus is a primary porcine pathogen or whether this is an instance of a human or bovine parainfluenza virus infecting an aberrant species is not known. Further studies are being conducted to evaluate the pathogenicity of this virus, to ascertain the prevalence of this agent in conventional swine populations, and to determine the relationship of this isolate to other members of the paramyxovirus family. Abstract. A disease named locally as churrío or churrido equino (i.e., equine scours) has occurred for at least 100 years in Uruguay and southern Brazil in farms along both shores of the Merín lake. This report describes cases of churrido equino and provides serologic, pathologic, and DNA-based evidence indicating that the disease is in fact equine monocytic ehrlichiosis (Potomac horse fever). Results of an epidemiological investigation conducted on an endemic farm are also presented. Clinical signs in 12 horses were fever, depression, diarrhea, dehydration, and sometimes colic and distal hind limb edema. Postmortem findings of 3 horses were of acute enterocolitis. Inclusion bodies containing ehrlichial organisms were found in the cytoplasm of macrophages of the large colon of 1 horse. Eleven of the 12 horses were serologically positive to Ehrlichia risticii (indirect fluorescent antibody assay) and, of 3 paired samples, 2 showed seroconversion. Ehrlichia risticii DNA was identified by a nested polymerase chain reaction in peripheral blood of an affected horse. A healthy horse inoculated with peripheral blood from an affected horse developed the disease and antibodies to E. risticii. The disease had a peak incidence in March (summer) and was statistically associated with a marshy ecosystem near the Merín lake, where large numbers of Pomacea spp. (Ampullariidae) snails were found. Incidence density was almost 8 times higher in nonnative horses than in native horses. It was concluded that the previous diarrheic disease of horses known in Uruguay and southern Brazil as churrido equino is equine monocytic ehrlichiosis.
Equine monocytic ehrlichiosis (EME), also known as Potomac horse fever or equine ehrlichial colitis, is an acute enterocolitis of equidae caused by the rickettsia Ehrlichia risticii. 9, 17 The disease is characterized by fever, depression, anorexia, leukopenia, diarrhea, and dehydration, with a case fatality rate of approximately 5-30%. 6, 7 First recognized in 1979 in horses in the Potomac River valley in Maryland, USA, 9 EME is now confirmed in most states of the United States and two provinces of Canada 8, [12] [13] [14] 16 and is serologically suspected in France, Australia, India, and Venezuela. 10, 11, 17 Epidemiological studies have shown that EME is geographically restricted to large river valleys and low areas near large lakes or irrigation ditches [12] [13] [14] and has a marked Frome DILAVE ''Miguel C Rubino,'' Laboratorio Regional Este, Cnel. Arenas 1986, CP 33000, Treinta y Tres, Uruguay (Dutra, Delucchi), Laboratorio Regional de Diagnostico, Facultade de Veterinaria, UFPel 96010-900, Pelotas RS, Brazil (Schuch, Curcio, Coimbra, Raffi, Riet-Correa), and Departamento de Microbiologia e Parasitologia, Instituto de Biologia, UFPel, Pelotas, RS, Brazil (Dellagostin).
Received for publication August 7, 2000. seasonal pattern with a peak incidence in summer (July and August, Northern Hemisphere). 8 The reservoir and natural mode of transmission of E. risticii remain unknown. Several species of blood-feeding arthropods have been investigated as potential vectors, but so far, none have been implicated. 10, 11 Evidence for an infection cycle involving an intermediate snail reservoir of the genus Juga (Pleuroceridae) and a trematode cercariae vector to which horses become exposed by ingestion has been reported recently. 15 Diagnosis is based on serology by using an indirect fluorescent antibody test (IFA) 17 or by detecting the organism in infected tissues using a silver stain, 18 immunoperoxidase method, 4 or transmission electron microscopy. 16 Genomic amplification of E. risticii DNA by the polymerase chain reaction is a highly sensitive and specific method for diagnosis. 3 Definitive diagnosis of EME requires isolation of E. risticii in cell cultures. 9 For at least 100 years, endemic diarrhea of horses has occurred every summer in Uruguay and Brazil in farms along both shores of the Merín lake. The disease is named locally as churrío or churrido equino (i.e., equine scours). In
